INTRODUCTION
============

Radical cystectomy (RC) and pelvic lymph node dissection are being used widely for the treatment of localized muscle invasive bladder cancer and high risk, recurrent nonmuscle invasive disease, including carcinoma *in situ* (CIS) \[[@B1]\]. Open RC (ORC) is still thought to be the standard treatment, but perioperative complications and high morbidity remained despite improved surgical techniques \[[@B2]\]. Minimally invasive surgeries have been established to overcome these challenges \[[@B3]\].

Menon et al. \[[@B4]\] reported robot assisted radical cystectomy (RARC) for the first time in 2003. Since then, many studies have compared ORC and RARC \[[@B5][@B6][@B7][@B8][@B9][@B10][@B11][@B12][@B13][@B14][@B15][@B16][@B17][@B18][@B19][@B20][@B21]\]. RARC has shown not only lower rates of complications and faster recovery but also equivalent oncologic outcomes compared to ORC. Galich et al. \[[@B5]\] reported that RARC showed significantly lower blood loss and shorter hospital stay, but longer operation time compared with ORC. Similarly, Wang et al. \[[@B6]\], while comparing 21 ORC and 33 RARC cases, reported longer operation time but lower blood loss, lower transfusion rate, and shorter hospital stay for RARC. Furthermore, their findings suggest that the robotic approach can yield pathological measures of early oncological efficacy equivalent to that of a concurrent series of patients undergoing ORC. However, large, randomized studies with long-term functional and oncological outcomes are still awaited to better define the role of RARC in the surgical treatment of bladder cancer.

Our hospital started performing RARC since 2008. We reported our operative techniques and initial experiences regarding RARC in March 2010 \[[@B22]\]. Between October 2009 and November 2009, 17 consecutive patients underwent RARC (13 ileal conduits, 4 orthotopic neobladders). Since then, we have concluded that RARC was a safe and feasible operative procedure, with minimal blood loss and rapid recovery. However, the sample population in this previous study was small. Furthermore, the study design was descriptive in nature and not comparative. As that study period was also short, longer-term data was needed for further evaluation of RARC. To expand upon our previous findings, we compared our RARC and ORC cohorts with regards to perioperative complications and analyzed their long-term oncologic outcomes.

MATERIALS AND METHODS
=====================

1. Patients
-----------

Between August 2008 and May 2014, 112 patients underwent either RARC (n=42) or ORC (n=70) at our hospital following Institutional Review Board approval (approval number: KNUMC 201302012). Bef ore RC, transurethral resections of bladder tumor were performed in all patients. Following histopathological examination and imaging work-up, RC was performed. The indications for RC included muscle-invasive bladder cancer without evidence of distant metastasis (clinical T2-4, Nx, M0), recurrent multifocal superficial tumor refractory to repeated transurethral resection, and bacille Calmette-Guerin-resistant CIS. Exclusion criteria included previous pelvic radiation, clinical stage M1, and patients who underwent combination surgery. The clinical T stage was based on the 2010 American Joint Committee on Cancer TNM staging system for bladder cancer \[[@B23]\]. Patients with pT3, pT4, or node-positive disease based on the analysis of RC specimens but with good performance status, received at least 4 cycles of cisplatin-based chemotherapy. Each patient was followed-up and managed according to standard practice.

Parameters examined included sex, American Society for Anesthesiologists (ASA) classification score, operation time, age, body mass index, type of urinary diversion, operator, estimated blood loss, transfusion rate, complications, time to diet and discharge, and oncological outcomes (tumor stage, grade, lymph node state, metastasis-free survival \[MFS\], overall survival \[OS\], and cancer specific survival \[CSS\]). Surgery-related complications were classified using the Clavien-Dindo classification as reported previously \[[@B24][@B25]\].

2. Surgical technique
---------------------

ORC was performed through a midline incision in the traditional manner \[[@B26][@B27]\]. RARC was performed by same surgical procedure as reported by Menon et al. \[[@B4]\]. Patients were placed in the extended lithotomy with a 30° Trendelenburg position. A 6-port transperitoneal approach was used. A 12-mm camera port was inserted 5 cm above the upper umbilical margin and two 8-mm robotic ports were placed 8 cm away from the umbilicus, along with the line from the umbilicus to the anterior spine of the iliac crest bilaterally. An additional 8-mm robotic port for the fourth arm was placed 8 cm directly lateral from the right-sided robotic port. A 12-mm assistant port for retraction and stapling was placed 8 cm directly lateral from the left-side robotic port. A further 5-mm assistant port for suction and irrigation was placed on the left side between the camera port and the left robotic port. Following docking of the robotic system, RC was performed by the same process as standard laparoscopic RC. Standard pelvic lymphadenectomy (both obturator- and external iliac nodes) was performed in all patients, except for 2 patients undergoing RARC and 7 patients undergoing ORC because of severe adhesions. All patients underwent extracorporeal urinary diversions. A 5- to 7-cm midline incision below the umbilicus was made for specimen removal and urinary diversion. In case of an ileal conduit, uretero-ileal anastomosis was performed over 6-Fr double J stents using a 4--0 polydioxanone suture, and the distal end of the conduit was fashioned as a stoma at the right port site of the robot arm. All orthotopic neobladders were performed using the Studer method and ureteral stents. Urethro-enteric anastomosis was then performed intracorporeally after redocking the robotic system. A Jackson-Pratt drain was placed in the pelvic cavity and around the uretero-enteric anastomosis site. The nasogastric tube was removed 4 days after surgery and oral liquids were started as tolerated. The drain and ureteral stents were removed 2--3 weeks postsurgery. Patients were reviewed at 4 weeks and assessed by renal ultrasonography (2 weeks poststent removal) and computed tomography scans (3 and 6 months postoperatively, and then at 6-month intervals). Every visit comprised a clinical examination with assessment of hemoglobin, creatinine, chloride, bicarbonate, and urethral washing cytology \[[@B22]\].

3. Statistical analysis
-----------------------

Several perioperative parameters and oncologic outcomes including MFS, CSS, and OS of RARC and ORC were compared using Student t-test, chi-square test, and Kaplan-Meier analysis. Statistical analysis was performed using IBM SPSS ver. 18.0 (IBM Co., Armonk, NY, USA), with p-values \<0.05 considered statistically significant.

RESULTS
=======

1. Patient demographic findings
-------------------------------

Patient demographics are compared in [Table 1](#T1){ref-type="table"} for those who underwent RARC (n=42) and ORC (n=70). There were no significant differences in age, sex, ASA score, body mass index, neoadjuvant chemotherapy, and lymph node dissection between RARC and ORC. In the RARC group, 29 patients underwent ileal conduit, 11 Studer neobladder, 1 ureterocutaneostomy, and 1 percutaneous nephrostomy. In the ORC group, 56 patients underwent ileal conduit, 1 Studer neobladder, 12 ureterocutaneostomy, and 1 percutaneous nephrostomy ([Table 1](#T1){ref-type="table"}). Neobladder procedures were performed more frequently in the RARC group than in the ORC group, while ileal conduit was more common among patients in the ORC group than among those in the RARC group (p\<0.001).

2. Perioperative variables
--------------------------

There were no differences in median time to diet, time to discharge, overall complication rates, and perioperative mortality between RARC and ORC. However, the median operation time was 75 minutes longer in the RARC group than in the ORC group (RARC 480 minutes vs. ORC 405 minutes, p=0.004). Blood loss was significantly less with RARC (median: RARC 330 mL vs. ORC 598 mL, p=0.001). The proportion of patients receiving peri- and intraoperative blood transfusion was 23.8% in the RARC group and 45.7% in the ORC group (p=0.020). Using the Clavien-Dindo classification system to classify perioperative morbidity and mortality, the RARC and ORC groups did not differ significantly. However, the RARC group showed lower major complication rate (RARC 26.2% vs. ORC 45.7%, p=0.040) ([Table 2](#T2){ref-type="table"}) and zero perioperative mortality.

3. Complications
----------------

Regarding complications, 15 patients (35.7%) undergoing RARC and 33 patients (47.1%) undergoing ORC had 1 or more complications throughout hospitalization. Postoperative ileus was the most common complication during hospitalization, occurring in 7 of 42 patients (16.7%) and 11 of 70 patients (15.7%) for the RARC and ORC groups, respectively (p=0.894). The second most common complication was urinary tract infection during hospitalization (RARC 9.5% vs. ORC 8.6%, p=0.864).

Hydronephrosis (ureteral stricture) was the most common post-hospital discharge complication, occurring in 12 of 42 patients (28.6%) and 12 of 70 patients (17.1%) for the RARC and ORC groups, respectively (p=0.154). The second most common complication following discharge was also urinary tract infection (RARC 11.5% vs. ORC 11.4%, p=0.939). There were no statistically significant differences between RARC and ORC in the overall postoperative complications (RARC 64.3% vs. ORC 65.7%, p=0.878) ([Tables 3](#T3){ref-type="table"}, [4](#T4){ref-type="table"}).

As shown in the [Table 4](#T4){ref-type="table"}, hydronephrosis (ureteral stricture) was the most common major complication (Clavien-Dindo classification grade≥IIIA) in both groups. There were more patients with sepsis in the ORC compared to the RARC group (10.0% vs. 0%, p=0.034). We did not observe any significant differences in the type of major complications between the 2 groups, with the exception of low incidence of sepsis in the RARC group.

4. Histopathological outcomes
-----------------------------

Histopathological data are shown in [Table 5](#T5){ref-type="table"}. Nonmuscle invasive bladder tumor (Ta, T1, CIS) was present on in 11 of 42 patients (26.2%) and 21 of 70 patients (30.0%) in the RARC and ORC groups, respectively. Meanwhile, 18 of 42 patients (42.9%) in the RARC group and 32 of 70 patients (45.7%) in the ORC group had pT3 or pT4 (p=0.887). High-grade urothelial carcinoma was the most common histopathological grade in both groups (90.5% vs. 94.3%, p=0.565). Pathologic N stage, lymphovascular invasion, and adjuvant chemotherapy showed no significant differences between RARC and ORC ([Table 5](#T5){ref-type="table"}).

5. Survival analysis: MFS, CSS, and OS
--------------------------------------

The median follow-up period was 40 months (range, 0--70 months) vs. 42 months (range, 0--74 months) in RARC and ORC, respectively. Metastases in RARC and ORC was 23.8% (10 of 42) and 23.2% (16 of 70), respectively during follow-up periods. There were 22 deaths; 18 of these were related to cancer. According to the Kaplan-Meier survival curve analysis, RARC and ORC outcomes were similar with respect to MFS, CSS and OS (log-rank test, p-values; 0.872, 0.997, 0.553, respectively) ([Fig. 1](#F1){ref-type="fig"}).

DISCUSSION
==========

Ever since RARC was introduced by Menon et al. \[[@B4]\], many comparative studies between RARC and ORC have been done \[[@B5][@B6][@B7][@B8][@B9][@B10][@B11][@B12][@B13][@B14][@B15][@B16][@B17][@B18][@B19][@B20][@B21]\]. These studies showed that RARC is associated with lower median blood loss, lower need for perioperative transfusion and shorter postoperative hospitalization. These results indicate that RARC might be safer compared to ORC. RARC has been performed at our institute since 2008. We collected and analyzed data from patients who underwent RARC between 2008 and 2014, and compared the perioperative and oncological outcomes between RARC and ORC at this institute.

Our study demonstrated significantly lower median blood loss in the RARC group than in the ORC group (p=0.001), with a consequent decrease in transfusion rates (p=0.020). These results were in accordance with previous published data \[[@B7][@B8][@B11][@B18]\]. This may have been secondary to the excellent visualization provided by the da Vinci Surgical Robotic System, which in turn facilitated meticulous dissection and bleeding control. Furthermore, robot-assisted surgery is usually performed with an intra-abdominal pressure of 12--15 mmHg, which prevents oozing of small veins \[[@B3]\]. These may have contributed to lower median blood loss. As reported recently, perioperative transfusion is associated with adverse prognosis, including OS and CSS in patients with RC \[[@B28]\]. Therefore, by decreasing intraoperative blood loss, RARC might provide a significant advantage over ORC.

Operation time for RARC is longer than that for ORC (p=0.004). The longer time can be attributed to the extraoperative steps associated with trocar placement as well as the docking and un-docking of the robot arm. Additionally, neobladder procedures were performed more frequently in the RARC cohort than in the ORC group. Sung et al. \[[@B12]\] showed that the RARC group had more cases of ileal neobladder urinary diversion. Musch et al. \[[@B19]\] also reported longer operation time in RARC, similar to our study.

Overall perioperative complication rates were similar between RARC and ORC (p=0.878), while major complication (Clavien-Dindo classification grade≥IIIA) rates were comparable between the 2 groups; 11 (26.2%) and 32 (45.7%) in RARC and ORC, respectively (p=0.040). These results were also consistent with those reported by Sung et al. \[[@B12]\]. Those authors reported that the ORC group had significantly more grade II (or greater) complications, wound problems, and multiple complications than RARC group.

In case of ureteral stricture with hydronephrosis, there were no statistically difference between RARC and ORC. But there were a fewer sepsis in RARC group. We think that the reason why RARC has a fewer sepsis was that. A little manipulation of intra-abdominal organs, especially ureter. Because of relatively little manipulation, ureteral stricture in RARC could be less likely to occur. Also as we can see that more postoperative complications occur in ORC (e.g., bowel perforation, hernia, wound disruption). It is considered that broad manipulation and long-term traction of skin and muscles to get a clear operation view have a influence on postoperative complications

Additionally we needed to consider for learning curve. The data we had selected have almost same beginning of period between ORC and RARC. RARC initial date: 2008.08.19. ORC initial date: 2008.4.24. At that time we started a research, surgeon already had experienced performing over 50 ORC procedures.

Nepple et al. \[[@B13]\]. reported early oncologic outcomes of RARC vs. ORC. There were no differences in surgical cystectomy pathology between the 2 groups. In addition, the 2-year outcomes for recurrence-free, disease-specific-and overall survival were similar between RARC and ORC. However, the median follow-up period of the above study was just 12.2 months. In contrast, the median follow-up period was 40 months (range, 0--70 months) vs. 42 months (range, 0--74 months) in RARC and ORC, respectively. In these patients, the RARC and ORC outcomes were similar with respect to MFS, CSS, and OS. This factor was the strongest point in our study compared to previous studies.

Cost analysis, although not one of our study outcomes, deserved to be discussed because of its importance to a patient. RARC is costlier than ORC \[[@B14]\]; in Korea, it is approximately 5 times the cost of ORC. However, given the indirect costs of complications, lower blood loss, and lower transfusion rates, RARC is likely worthy of its price.

Although RARC has its advantages, ORC is still an important and indispensable procedure every urologist should learn. Even in the United States, which is equipped with the largest number of robotic surgical system in the world, RARC comprised only a small portion of total RC cases. Data from the Nationwide Inpatient Sample in 2009 to 2011 showed that RARC accounted for about 12% of all RC cases \[[@B29]\]. ORC is the gold standard for muscle-invasive bladder cancer, and its training can familiarize younger surgeons with the anatomical structures. Besides, surgical skills and experience on open cases are essential, as all surgeons must be prepared for intraoperative conversion during any minimally invasive procedure. However, we believe that refining surgical equipment and improving the knowledge of younger urologists will help in making RARC the treatment of choice for bladder cancer in future.

CONCLUSIONS
===========

Our results revealed that RARC is more advantageous compared to ORC in terms of median blood loss, perioperative transfusion rates, and lower major complications (Clavien-Dindo classification grade ≥ IIIA), whereas histopathologic findings, overall complications and survival rates did not demonstrate significant differences. We propose that RARC is a safer treatment modality with equivalent oncological outcomes compared to ORC.
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###### Patient demographics

![](icu-57-260-i001)

  Variable                    RARC (n=42)        ORC (n=70)         p-value
  --------------------------- ------------------ ------------------ ---------
  Age (y)                     70 (31??6)         70 (44??4)         0.739
  Sex                                                               0.948
   Male                       35 (83.3)          58 (82.9)          
   Female                     7 (16.7)           12 (17.1)          
  ASA score                   2 (1??)            2 (1??)            0.216
  Body mass index (kg/m^2^)   22.2 (18.4??9.4)   22.3 (14.9??1.6)   0.936
  Urinary diversion                                                 \<0.001
   Ileal conduit              29 (69.0)          56 (80.0)          
   Studer neobladder          11 (26.2)          1 (1.4)            
   Ureterocutaneostomy        1 (2.4)            12 (17.1)          
   Both PCN                   1 (2.4)            1 (1.4)            
  Neoadjuvant chemotherapy                                          0.799
   No                         34 (81.0)          58 (82.9)          
   Yes                        8 (19.0)           12 (17.1)          
  Lymph node dissection                                             0.550
   None                       2 (4.8)            7 (10.0)           
   Standard                   38 (90.5)          61 (87.1)          
   Extended                   2 (4.8)            2 (2.9)            

Values are presented as median (range) or number (%).

RARC, robot-assisted radical cystectomy; ORC, open radical cystectomy; ASA, American Society for Anesthesiologists; PCN, percutaneous nephrostomy.

###### Perioperative variables
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  Variable                                          RARC (n=42)      ORC (n=70)         p-value
  ------------------------------------------------- ---------------- ------------------ ---------
  Operation time (min)                              480 (287--760)   405 (205--665)     0.004
  Blood loss (mL)                                   300 (125--925)   598 (150--2,000)   0.001
  Transfusion rate                                                                      0.020
   No                                               32 (76.2)        38 (54.3)          
   Yes                                              10 (23.8)        32 (45.7)          
  Time to diet (d)                                  5 (3--11)        6 (2--29)          0.300
  Time to discharge (d)                             19 (10--56)      21 (9--96)         0.507
  Overall complication rate                         27/42 (64.3)     46/70 (65.7)       0.878
  Major complication (Clavien-Dindo grade ≥ IIIA)   11/42 (26.2)     32/70 (45.7)       0.040
  Perioperative mortality                           0/42 (0)         2/70 (2.9)         0.269

Values are presented as median (range) or number (%).

RARC, robot-assisted radical cystectomy; ORC, open radical cystectomy.

###### Overall complications

![](icu-57-260-i003)

  Complication                RARC (n=42)   ORC (n=70)   p-value
  --------------------------- ------------- ------------ ---------
  Early complication^a^       15 (35.7)     33 (47.1)    0.237
   Febrile UTI                4 (9.5)       6 (8.6)      0.864
   Ileus                      7 (16.7)      11(15.7)     0.894
   Ascites                    1 (2.4)       2 (2.9)      0.880
   Wound disruption           1 (2.4)       4 (5.7)      0.408
   Atelectasis                1 (2.4)       1 (1.4)      0.713
   Pulmonary edema            0 (0)         2 (2.9)      0.269
   Cardiogenic event          0 (0)         4 (5.7)      0.115
   Hydronephrosis             1 (2.4)       1 (1.4)      0.713
   Hernia                     0 (0)         1 (1.4)      0.437
   Rectal perforation         0 (0)         1 (1.4)      0.437
  Late complication^a^        21 (50)       34 (48.5)    0.884
   Febrile UTI                5 (11.5)      8 (11.4)     0.939
   Ileus                      2 (4.8)       5 (7.1)      0.599
   Ascites                    0 (0.0)       2 (2.9)      0.269
   Wound disruption           0 (0.0)       1 (1.4)      0.437
   Hydronephrosis             12 (28.6)     12 (17.1)    0.154
   Stone formation            2 (4.8)       0 (0)        0.065
   Pancytopenia               0 (0)         1 (1.4)      0.437
   Cerebrovascular accident   0 (0)         1 (1.4)      0.437
   Hernia                     0 (0)         3 (4.3)      0.174
   Perineal abscess           0 (0)         1 (1.4)      0.437

Values are presented as number (%).

RARC, robot-assisted radical cystectomy; ORC, open radical cystectomy; UTI, urinary tract infection.

^a^:We defined early complications as those developed during hospitalization and late as those developed postdischarge.

###### Major complications

![](icu-57-260-i004)

  Major complication (Clavien-Dindo grade≥IIIA)   RARC (n=42)   ORC (n=70)   p-value
  ----------------------------------------------- ------------- ------------ ---------
  Hydronephrosis                                  9 (21.4)      11 (15.7)    0.445
  Sepsis                                          0 (0)         7 (10.0)     0.034
  Ascites                                         0 (0)         3 (4.3)      0.174
  Hernia                                          0 (0)         3 (4.3)      0.174
  Wound disruption                                0 (0)         3 (4.3)      0.174
  Stone formation                                 1 (2.4)       0 (0)        0.195
  Ileus (Bowel obstruction)                       1 (2.4)       0 (0)        0.195
  Perineal abscess                                0 (0)         1 (1.4)      0.437
  Pancytopenia                                    0 (0)         1 (1.4)      0.437
  Cardiogenic event                               0 (0)         1 (1.4)      0.437
  Pneumonia                                       0 (0)         1 (1.4)      0.437
  Rectal perforation                              0 (0)         1 (1.4)      0.437

Values are presented as number (%).

RARC, robot-assisted radical cystectomy; ORC, open radical cystectomy.

###### Histopathological outcomes
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  Variable                    RARC (n=42)   ORC (n=70)   p-value
  --------------------------- ------------- ------------ ---------
  Histopathological T stage                              0.887
   Ta, T1, CIS                11 (26.2)     21 (30.0)    
   T2                         13 (31.0)     17 (24.3)    
   T3                         12 (28.6)     22 (31.4)    
   T4                         6 (14.3)      10 (14.3)    
  Pathologic grade                                       0.565
   High grade                 38 (90.5)     66 (94.3)    
   Low grade                  1 (2.4)       2 (2.9)      
   Other                      3 (7.1)       2 (2.9)      
  Pathologic N stage                                     0.614
   N0                         31 (73.8)     49 (70.0)    
   N+                         9 (21.4)      14 (20.0)    
   Nx                         2 (4.8)       7 (10.0)     
  Lymphovascular invasion                                0.969
   No                         33 (78.6)     55 (78.3)    
   Yes                        9 (21.4)      15 (21.7)    
  Adjuvant chemotherapy                                  0.124
   No                         31 (73.8)     41 (59.4)    
   Yes                        11 (26.2)     28 (40.6)    

Values are presented as number (%).

RARC, robot-assisted radical cystectomy; ORC, open radical cystectomy; CIS, carcinoma *in situ*.
